ABSTRACT We have generated two alloreactive T-lymphocyte clones that recognize the products of the HLA-B locus. The primed lymphocyte testing (PLT) reactivity of clone HJ21 was monospecific for the HLA-B antigen Bw49, a subtype specificity of HLA-Bw21. The PLT specificity of clone RD3 was strongly associated with HLA-Bw2l. Several monoclonal antibodies against class I HLA molecules inhibited the PLT responses of these clones whereas class II monoclonal antibodies had no effect. These observations provide experimental evidence that class I products of the HLA-B locus may directly be involved in lymphocyte alloactivation.
.
In this report, we present our observations on two alloreactive clones that exhibit PLT specificity associated with the HLA-B locus determinant Bw2l. This HLA-B antigen has been partitioned into the Bw49 and BwSO subtypes, which are associated with Bw4 and Bw6, respectively (28) . One alloreactive clone recognizes Bw49, and the other clone is specific for Bw2l (Bw49/BwSO). Our data provide evidence that HLA-B antigens may directly be involved in lymphocyte alloactivation. Class II major histocompatibility complex (MHC) molecules controlled by the HLA-D region provide the major stimulus to the alloactivation of human T lymphocytes (1) . This can be shown by cellular proliferation assays such as the mixed leukocyte culture reaction (MLR) and primed lymphocyte testing (PLT) using T lymphocytes sensitized in vitro to HLA-D alloantigens (2) (3) (4) . These assays detect the so-called lymphocyte-activating determinants (LADs) that provide a signal for T-lymphocyte proliferation during alloactivation. The serological and immunochemical dissection of HLA-D region products by using B-cell alloantisera and murine monoclonal anti-human Ia-like antibodies has provided strong experimental evidence for the existence of a minimum of three closely linked loci within HLA-D (5) (6) (7) (8) (9) . The immunochemical data are compatible with the concept of three serologically defined loci-DR, MB, and MTwithin HLA-D (9) (10) (11) (12) . The MB and MT antigens are strongly associated with two or more DR antigens. We have recently shown that alloreactive T-lymphocyte clones generated from soft agar colonies of MLR cultures exhibit PLT specificity toward MB and MT-associated determinants (13) (14) (15) . Our On the other hand, the products of the HLA-A,B,C loci that encode class I MHC molecules are believed to serve as recognition structures in cell-mediated lymphocytotoxicity (CML) by alloreactive T cells (16, 17) . They also function as restriction elements in antigen-specific cytotoxicity by immune T lymphocytes (18, 19) . Recent data on cloned CML cells and virusspecific cytotoxic cells have provided additional evidence for these concepts (20, 21) .
Several investigators have shown that PLT cells generated against HLA-A-, -B-, and -D-incompatible stimulators show only secondary proliferative responses to the HLA-D products (1, 3, (22) (23) (24) . The data thus far suggest that the HLA-A and -B antigens are not directly involved in lymphocyte alloactivation, although studies with recombinant families have indicated METHODS Generation of Agar Colonies of MLR-Activated Lymphocytes. Peripheral blood mononuclear cells from normal donors were isolated from heparin-treated blood by Ficoll-Hypaque density gradient centrifugation. Alloreactive clones were generated from soft agar colonies as described (29, 30) . Briefly, unidirectional MLR were set up with 10 x 106 responder and 10 x 106 x-irradiated (2,000 rads; 1 rad = 0.01 gray) stimulator cells in 20 ml of tissue culture medium [RPMI-1640 medium (GIBCO)/15% heat-inactivated human AB serum/4 mM L-glutamine/24 mM Hepes buffer supplemented with 100 units of penicillin and 100 Ag of streptomycin per ml] and incubated at 370C in humidified 5% C02/95% air. After 3 days of incubation, the cells were seeded in a two-layer soft agar culture medium. The bottom layer consisted of 0.5% agar in tissue culture medium supplemented with supernatant fluid of 3-day MLR cultures. The top layer included 1 x 106 cells in 0.32% agar in tissue culture medium. After 5-8 days of incubation, two types of colonies were observed under an inverted microscope. Upper colonies were found on the surface of the agar, and lower colonies were found within the top agar layer. Long-term cell cultures generated from both types of colonies displayed different functions: upper clones were largely cytolytic while noncytolytic suppressor clones could be found among lower colonies (30) .
Long-Term Cell Cultures from MLR Colonies. Individual lower colonies were grown in long-term cultures in the presence of T-cell growth factor (TCGF)-containing tissue culture medium and irradiated (4,000 rads) feeder cells prepared from the original stimulator cells (14, 15 ficity of clone HJ21 showed a perfect correlation with Bw49 (r = 1.00; P <10-6). Clone RD3 showed 100% reactivity with Bw49 cells but also reacted with 5 of 10 Bw50 cells. None of the 30 Bw2l-negative cells induced significant stimulation. The PLT specificity of RD3 showed a strong correlation with Bw2l (r = 0.86; P < 10-6). It should be noted that clone RD3 was originally induced in a MLR by Bw49 stimulator cells yet its PLT specificity included both Bw49 and Bw5O. The strong correlation of the PLT specificity of clones HJ21 and RD3 with Bw2l suggested that these clones recognized LADs identical or strongly associated with HLA-B determinants.
Effect of Anti-MHC mAb on PLT Responses of Clones HJ21 and RD3. PLT inhibition studies were conducted on clones HJ21 and RD3 using mAb against class I or class II human MHC molecules. Six different monomorphic anti-DR mAb were tested for their effect on the secondary proliferation of these clones against the original stimulator ( Table 2 ). Their properties have been described elsewhere (31) (32) (33) (34) . mAb SG171, Q5/13, and Q2/70 also recognize epitopes on non-DR class II molecules (32, 33) . None of these class II-specific mAb induced significant inhibition of Bw49-associated PLT clone HJ21 and Bw21-associated PLT clone RD3. On the other hand, DRl-associated PLT clone CB5 and DR2-associated PLT clone DS9 were strongly inhibited by most anti-class II mAb. The lack of significant inhibition by anti-class II mAb of the secondary proliferative responses of HJ21 and RD3 suggests that the PLT determinants detected by these clones do not reside on class II molecules.
Five class I-specific monomorphic mAb were tested for their effect on the PLT responses of clones HJ21 and RD3. Their properties have been described elsewhere (35) (36) (37) (38) (39) . Recent studies of soluble antigen inhibition and binding to somatic cell hybrids have led Brodsky and Parham (38) to propose three types of anti-HLA-A,B,C mAb: anti-P2-microglobulin (for example, mAb BBM.1), antiheavy chain (mAb w6/32 and MB40.5) and anticomplex [i.e., against a combinatorial determinant formed by the heavy chain and f32-microglobulin (mAb BB7.5 and BB7.7)]. The PLT responses of clones HJ21 and RD3 were strongly inhibited by three anti-class I mAb (Fig. 1 ). These were the two antiheavy chain mAb w6/32 and MB40.5 and anticomplex mAb BB7.7. The anti-P2-microglobulin mAb BBM.1 and the other anticomplex mAb, BB7.5, had no effect. These data suggest that the PLT determinants detected by HJ21 and RD3 may reside on the heavy chain rather than on the P2-microglobulin portion of the HLA-Bw21 molecule. On the other hand, none of these mAb induced strong inhibition of a PLT clone associated with DR2 ( Fig. 1) or other class II specific PLT clones.
DISCUSSION
We have described two alloreactive clones that have a PLT specificity that is strongly associated with the serologically defined HLA-B determinant Bw2l. Clone HJ21 was monospecific for the subtype specificity Bw49 while the PLT reactivity of RD3 included all Bw49 and about half of the crossreacting Bw5O cells. The PLT responses of these clones were inhibited by several class I-specific mAb but not by any of the anti-class II mAb. The data suggest that these clones recognized PLT determinants on class I molecules and that the products of the HLA-B locus may be directly involved in lymphocyte alloactivation.
Several investigators have studied the role of HLA-A and -B in lymphocyte alloactivation. One approach has been the study of MLR or PLT responsiveness in families with HLA recombinants (25) (26) (27) . This has led to the postulate of an HLA-A-linked locus responsible for weak MLR activation (25) . A statistical analysis of MLR responsiveness to compatible HLA-D homozygous typing cells has shown that matching for HLA-B (but not Proc. Natl. Acad. Sci. USA 80 (1983) HLA-A) is significantly associated with a lower degree of MLR proliferation (40) . Since this effect is primarily observed for haplotypes that carry HLA antigens in linkage disequilibrium, it has been proposed that the lower degree of MLR proliferation is due to matching for antigens encoded by loci between the HLA-B and HLA-D regions rather than by HLA-B itself (40) . Possible candidates could be the products of MB and MT, which, as we have previously shown (14) , can induce specific PLT clones. However, our data on the Bw2l-associated PLT clones HJ21 and RD3 suggest that HLA-B antigens themselves can also function as LADs. Our experience (14, 15) , as well as that of others (41) (42) (43) , has indicated that the PLT specificity of most alloreactive clones is toward determinants encoded by the HLA-D region. This is compatible with the well-known concept that class II molecules of HLA-D provide the major stimulus in T-lymphocyte alloactivation (1). Nevertheless, the identification of two Bw2l-associated PLT clones shows that HLA-B determinants may be directly responsible for alloactivation albeit that perhaps a minor subset of lymphocytes is involved. The predominant role of class II molecules in lymphocyte alloactivation has also been shown in the mouse, where the I region of the H-2 complex represents the homologue of human HLA-D (44) . Informative H-2 recombinant combinations yielding single K-and D-region (equivalent to HLA-A and -B) allelic differences between responders and stimulators generate alloreactive cells that recognize class I products of these H-2 regions (45) . However, the degree of alloactivation is generally lower for K-and D-than for I-region differences (44) . Our finding that class I HLA products generate fewer alloreactive clones than class II HLA products is consistent with the mouse data.
Clone RD3 was generated from a MLR combination in which the stimulator was positive for Bw49. However, the PLT specificity of this clone was toward Bw21-i. e., Bw49/Bw5O. These two subdivisions of Bw2l are associated with Bw4 and Bw6 and show strong serologic crossreactivity (28, 29 positive activity toward Bw5O (28) . In other words, this antibody can bind to both Bw49 and Bw5O cells, although complement is activated only with Bw49 cells. The same phenomenon may be observed with a cytotoxic anti-Bw5O antiserum that can bind to both Bw49 and Bw5O cells. A model of the Bw49/Bw5O polymorphism has been proposed in which Bw2l is a complex antigenic structure consisting of two determinants, Bw49 and Bw5O (46) . The spatial orientation of the Bw2l complex is influenced by the associated Bw4 or Bw6 determinants in that, for instance, an anti-Bw49 antibody can react with Bw5O but without activation of complement at the cell surface to achieve lysis. Our data indicate that clone HJ21 may recognize a component of Bw49 that is not shared with Bw5O. It is possible that this component of Bw49 is uniquely dependent on the presence of Bw4 on the molecule. On the other hand, clone RD3 has PLT specificity for another component of Bw49 that is also frequently found on Bw50 and may not be influenced by Bw4 or Bw6. It can be concluded that HJ21 and RD3 may recognize two different PLT determinants associated with Bw2l. The PLT inhibition studies with the different types of class I-specific mAb suggest that the PLT determinants probably reside on the heavy chain of the Bw2l molecule.
Little is known about the function of these HLA-Bw2l-associated PLT clones. Clones HJ21 and RD3 were both negative for OKT4 but positive for OKT8, a T-cell marker for the cytotoxic/suppressor subset. Our studies indicate that these clones exhibit CML activity toward phytohemagglutinin-induced blasts from the -original stimulator cells. This suggests that HJ21 and RD3 may not only function as cytolytic clones but also exhibit PLT activity in the absence of exogenous TCGF. These clones resemble the-alloreactive T-cell clone of murine origin recently described as a new type of helper cell-independent cytolytic clone that recognizes H-2D-encoded class I antigens on both proliferation and cytotoxicity assays (47) .
